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Abstract 
With the democratization of the internet of things, the information systems are becoming pervasive. In order to 
improve the transparency of pervasive information systems, we suggest a process based on the use of the formal 
analysis of concepts for the incremental construction of landmark directories. The landmark directories permit   to 
label and localize rapidly the object containing the services appropriate for a given request in a pervasive 
environment.The selection is based on landmarks which are a combination of contextual and conceptual
characteristics chosen on the basis of a mathematical formalism known as Galois Lattice. Our approach is illustrated 
via an application of an alarm system to help detect and manage the risks in order to avoid disasters and reduce their 
consequences in case they occur.  
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction   
The evolution of pervasive systems has opened new horizons to classical information systems which have 
integrated new technologies and services [1]. These systems aim to create transparent and interoperable environment 
© 2014 Published by Elsevier B.V. Open access under CC BY-NC-ND license. 
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in order to ensure a better share of information and services. The development of such systems uses mainly objects 
capable to interact with each other and cooperate to reach common objectives.  
   The internet of things federate a wide range of physical and intelligent objects which offer features received as 
services. Thus, it seems to be interesting in providing a pervasive computing solution. The discovery of objects 
which provide services for the development of ubiquitous computing applications remains a problem to solve. 
However, due to the diversity of users and the conditions under which they accede to objects. Other parameters must 
be considered when making the discovery, such as the type of the device used (PDA, laptop, etc), user’s preferences, 
users’ localization, and so on. All these parameters form a particular context of use [3]. Thus, a discovery system 
deployed in a pervasive environment must be aware of its context. 
 
   The objective of our work is to suggest an approach which allows the extraction of a set of characteristics 
describing the objects and their context of use, from a history of use in order to classify the objects. As such, we 
have proposed an object classifier construction process with the help of landmarks. In the literature, different 
definitions of landmarks are suggested, such as the following: “important characteristics in the environment which 
are unique, or the contrast with their quarter [4], or more simply “the external physical objects which act as points of 
reference” [6]. In the world of autonomous mobile robotics, a landmark may be an object, a color, points of interest, 
etc [5][7]. In our work, a landmark represents a set of contextual and conceptual characteristics. These landmarks 
are constructed with the help of a mathematical formalism known as the Galois Lattice [8] in order to improve the 
process of localization and discovery of objects on the internet. 
  
   The remaining of this article is organized as follows. Section 2 shows how to construct landmarks and how to 
make use of them in the process of location and discovery of objects on the internet. This section presents as well 
the main features of the context representation model that we are using in this research. In Section 3, we illustrate our 
approach via an example. Section 4 compares our approach to existing research work. Section 5 concludes and 
presents some perspectives for future research. 
 
2. Suggestion for the flexible discovery of landmark-based things in a pervasive environment 
 
    In order to increase the transparency and the efficiency of pervasive information systems, the suggested solution 
comprises two essential phases: (i) the construction of a routing landmark based on a hierarchical structure, (ii) the 
discovery of objects by making use of the constructed routing landmark.  
   The following basic hypotheses are supposed to verify what follows: 
x Each object (thing) must subscribe to the “context manager”. During the subscription, the objects specify 
the contextual parameters which modify their behavior and their methods of dissemination (synchrony or 
asynchrony). 
x Each object maintains a local summary of its proper context. All objects cooperate to construct a global 
summary describing the whole contextual data of the network with the aim of structuring the landmark 
directory to promote a dynamic selection of objects according to the conceptual and contextual features. 
x The problem of heterogeneity (and the integration of diagrams) is not considered here. A global diagram is 
suggested. 
 
   In order to achieve our approach, a definition of the various concepts affecting the discovery of objects which are 
directly related to the physical world, and provides different services, is required. The UML diagram in Fig 1 
specifies the concepts used in our approach. The set is based on the notion of entity. The entity is "things" in the 
Internet of Things that could be human (user) or inert (physical entity, entity system). 
   We can classify two types of entities: active entities (A), acting as a provider and a service requester, and passive 
entities (P) are service provider such as sensors.  
 
   Definition 1 (Pervasive environment): A pervasive environment consists of a set of entities ei.  
                ξp = {ei | ei א A ש ei א P}. 
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   Definition 2 (Entity): An entity ei is characterized by a set of services s in the environment of the objects ξp, and 
a context Cx.                                              Ei = < s, Cx > 
 
    The context in this work is presented through three types of information: the user’s context (U-Context), the 
object context (O-Context) and the environment context (E-Context). 
1) U-Context: This type of context contains information concerning the user. It is made up of two parts: 
x The user’s static context (his profile, interests, preferences). 
x The user’s dynamic context (his localization, his current activity and additional information for example 
what type of device to be used by the user and so on). 
2)  O-Context: This context gathers information concerning the services offered by the object, and so on. 
3) E-Context: This context gathers the information concerning the user’s environment (what surrounds him, the time 
and date, and so on). Fig 1 gives the graphic representation of the context Meta model. In what follows, we briefly 
describe the first step by first presenting the landmark construction principle. 
 
                       
                              Fig 1. (a) Meta-model of the context; (b) the specification of concepts used in our approach 
 
2.1 Landmark construction principale  
 
    Landmarks are extracted during a learning process which is made up of three steps: extraction of characteristics, 
discretization of characteristics values and construction of lattices. The lattice is then used as a navigation space for 
landmark extraction and classification stage. Fig 2 illustrates the different stages of this construction process. 
 
                                                                         Fig 2. Landmark Construction Process. 
 
   During the stage of context characteristics extraction, each interaction in the object network is associated to a file 
log which contains all queries Qij, satisfied by a member Oj, and their context. The set of log files is analyzed in 
such a way as to extract the contextual and conceptual characteristics. In this article, we are interested only in the 
contextual characteristics which describe the elements characterizing the object context.These characteristics are 
transmitted to the stage of constructing lattices with the help of a formal concept analysis tool, known as Galicia 
[10]. The Galicia tool suggests several algorithms of lattice construction [9]. To construct a Galois Lattice, there is 
initially a characteristics discretization phase. We obtain a representation of these characteristics under the form of 
fuzzy subsets. This new representation is homogeneous whatever the attribute domain.  
 
    We define here the contexts, concepts and lattices that we need in our application.  
 
    Definition 3 (Interaction Context) : A searching context is a triplet K = (E, E’,R) describing a finite set of 
objects E s (or transactions),  a finite set of characteristics  E’ (or attributes) and a binary relation R  E x E’  : the 
relation R is defined by the presence of a characteristic  X’ אE’ in a transaction  Xא  E;  we have then  R(E,E’)= 1 .  
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   Once the contexts are defined, it is simple to define the concepts and lattices: 
 
     Definition 4 (concept): We call concept Ci any concept emanating from the context K. it is defined as a pair   
                 (O, C): O ԖE and C= {a, b, c, d, e, f, g, h} ԖE’. 
 
     Definition 5 (lattice): We call a Galois Lattice L, the lattice resulting from the context K. Li= (Ki, ≤). 
 
   The Galois lattice is used to calculate statistics on each of the objects (things), according to extensions and 
intensions of lattice concepts, in the form of contextual parameters known as relatedness and closeness, defined in 
[11]. This information permits to characterize the set of objects in terms of homogeneity and heterogeneity in order 
to construct landmarks and to achieve an automatic filtering of objects.  
¾ The relatedness value (o) corresponds to an average number of objects with which O is grouped in the 
concepts that contain in their extension at least an object other than O, and at least characteristics in their 
intension, divided by the total number of objects. The relatedness value indicates if O is connected to 
numerous other objects. 
¾ The Closeness value (o) is the average number of characteristics that O share with the other objects which 
possess at least a common characteristics with O, divided by the total number of the characteristics of O. 
This parameter permits to indicate if the object O has a strong or weak resemblance with the other objects. 
    As such, the process is incremental, and the landmark extraction is based on the relatedness and closeness values, 
which permit to indicate if there are few or many common characteristics between the objects, in order to label the 
objects. It is necessary to select the lattice landmarks in the form of characteristics combinations. A landmark is, 
then, the concept intension of the constructed lattice.  
  
    Definition 6 (landmark): A landmark A may be represented by a peer (Ic, Rc) where Ic (resp. Rc) is called 
intension (resp. extension) of concept. 
  For the organization of landmarks, we use also the FCA (formal concept analysis) based fusion method. We note 
that the FCA fusion permits the creation of a structure of the common network, which may reveal the associations 
between   the elements of the two original structures of the context model.  
                                                    
2.2 Discovery of things on the internet 
   This section, we are presenting an efficient strategy to localize the objects. This object localization is realized by 
asking the landmark directory, which is represented under the form of a formal context K = (G, M, I). The suggested 
solution consists of adapting the suggested internet object discovery algorithm, in a sense that the returned answer is 
no more a set of landmarks, but a set of objects. Remember that every landmark A contains in its description, the 
objects (Oa) which are described by this landmark. Given OQ the set of objects relevant for the query. 
   The principle of the algorithm is : for each lattice node which corresponds exactly to the query, Oa is added to the 
set OQ. The query Q is, thus, enriched with its context of use. From a formal point of view,  
Q(C) ={c1,c2,…ck} a query (Boolean) on the characteristics ci, i = 1, k.  
    For the formal context K = (G,M, I) and a query Q = ({x}, {x}′), we define the addition operation ْ as follows :       
KQ = K ْ Q= (G,M, I) ْ ({x}, {x}′)= (G ׫ {x},M ׫ {x}′, IQ) = (GQ,MQ, IQ). 
    Algorithm. Function SelectObject (lattice T, query Q(C))  
1. Insert in the lattice T, the query which is considered as an object with its attributes 
2. Run the lattice from the bottom until you find the node which has as an intension the 
characteristics C of the query.   
3.  If Corr (T,C)= excess, then 
4.    For each node son T son of T, make 
5.      OQ: =OQ + search (T son, C)// (add the objects found in the extension of this 
node in a list OQ). 
6.        End for 
7.         Else 
8.            If Corr (T, C)= exact, then 
9.                Add (T, OQ) 
10.    Return OQ//OQ. This list will contain the 
objects according to their order of relevance. } 
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   The correspondence test, Corr (T, Q) between the required characters C of the request attributes and the 
descriptors L (T) extracted from the intension T, may be of three types:  
   1) Exact Correspondence:  For all the attributes of the query Q, the exact correspondence designate the set of 
objects satisfying only the characteristics of Q: β = {o אO / R (o)  c}. 
  2) Null Correspondence:  Designates the set of objects not satisfying at least one characteristics c of Q: 
         Ω   = {oא O /c ׫ሺሻĮሽ 
  3) Excess correspondence: This situation occurs when T possesses (on one or more attributes) descriptors more 
than those of the Queries. The exploration of the sub tree of the root T is thus necessary.  
3.  Example 
 
   To justify our motive and illustrate our objectives, we describe the scenario concerning the use of a secured alarm 
system able to help persons detect and manage the risks in order to avoid and reduce disaster impact. This alarm 
system is developed with Thales Inc in SODA [2] European project. An alarm system is characterized by the need of 
six services offered by internet objects: « temperature, humidity, analysis, storage, sending of mails or SMS, and an 
action service (to effectuate a correction action as to stop the machines).  
   After the construction of the directory landmark based on the application of the extracting landmark algorithm 
stated in section (2).We execute our application in order to respond to selection queries. In general, these queries 
express the need for one or many objects which guarantee the required features. To simplify the example, the 
register of landmarks can be considered as a formal context. Table shows the execution model as defined in section 
2 and considers the flexible query Q. 
    Request Q:  All temperature sensors which ensure the localization of Algeria, the device used for the connexion 
type UPnP: this request is written as < OC.S: Temperature, EC.L: Algeria, UC.D: UPnP>. Only objects that provide 
the temperature service are maintained, to construct the appropriate context. We have obtained the following 
candidate object: {O1, O2, O4} 
 Application of the algorithm SelectObject : the following concepts: ({O1, O2, O4}; {service:temperature,}), 
({O1,O2}; {service:temperature}); ({O2,O4}; {service:temperature, }); ({O1,O4}; {service:temperature }); ({O1}; 
{ Localization:Algeria }); ({O2 }; {Service:temperature, device:UPnp}); After generating the concepts, the objects 
of the extension sets are classified as follows:  
¾ Object2: answers needs and offers an additional property,   which are the device type and other services. 
¾ Object1: answer needs and offer additional properties, which are the localization and other services. 
 
                             
                                Fig   3.  (a) Example of formal context;   (b) Hasse Diagram of the formal context. 
4. Some related works 
   The discovery of objects that provide services to develop ubiquitous application remains an issue. At the time 
when the research is primarily focused on the discovery of services offered by the objects. Some research highlights 
the introduction of context in the service discovery mechanism in the field of pervasive computing. [12] Suggest a 
personalized service discovery mechanism based on the semantics of contextual data and the analysis of the 
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correspondences or the selection. In a similar way, [13] suggest the semantic matching of services, guided by the 
context. [14] Present an approach to classify and select the services by using formal concept analysis and Galois 
lattice.   
    The literature review showed that so far the various dimensions of the localization and the discovery of objects 
are under study. Our contribution highlights the importance of context while locating objects. So we included the 
notion of context to describe at an abstract level the different properties of objects context, and also the context of 
the user to construct landmarks .These landmarks are combinations of conceptual and contextual features selected 
using a mathematical formalism called Formal Concept Analysis and Galois lattices. The landmark obtained is able 
to label any kind of objects and route between these objects using these labels. 
 
5. Conclusion  
   The pervasive systems allow users to obtain a transparent access (from anywhere, anytime and anyhow). 
Unfortunately, the access to the objects in such an environment remains very complex. In order to increase the 
transparency of these systems, we are suggesting in this work solutions likely to permit a flexible discovery 
adaptable to the context of the internet of things. The search for flexibility pushed us to highlight the importance of 
taking into account the user and his context, as well as the context of the objects, during the localization and 
discovery of things on the internet. 
    In this paper, we have proposed a process for constructing landmark directories based on concept formal analysis 
which permits to calculate in advance a lattice classifying objects. This lattice may be used as an index, to search 
objects containing the services appropriate for a query in a pervasive environment. Then, around these landmarks, 
which are combinations of contextual and conceptual characteristics selected with the help of a mathematical 
formalism known as Galois lattice, the adaptation to context is integrated within the steps of describing and 
discovering relevant objects. At the time being, the implementation is in progress. As a next step, we aim to evaluate 
our process in order to determine the performance and the precision it offers. 
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